The aim of this study was to evaluate the influence of boron foliar application, branch girdling and plant growth regulators on the performance of pear trees cv. Garber. The experiment was arranged in a randomized block design with three replications. Treatments consisted of different boron rates (220, 440, 660 and 880 mL 100 L -1 ), branch girdling, and the plant growth regulators Promalin ® (benzyladenine + gibberellins AG 4+7 ) (560 mL 100 L -1 ) and Biozyme * TF (200 mL 100 L -1 ). The percentage of fruit set, stem length, fruit length, fruit diameter, flesh firmness, soluble solids and yield were assessed. The greatest fruit set was observed with Promalin ® in both years and also boron and Biozyme * TF in the second year. The use of Promalin® increased peduncle length, fruit height but negatively affected soluble solids. Yield was also increased by this plant growth regulator and boron. Concluding, Promalin ® improves fruit set, yield, and fruit quality and boron positively influence yield.
INTRODUCTION
The production of fruit crops worldwide in 2012 was 636 millions of tons, where pears represented 3.7% of this amount. China has the largest pear production, representing 68% of the total produced in the world, while Brazil shows negligible production, i.e., only 0.09% (FAO, 2016) . That is the reason pear is the most imported fruit in Brazil, representing an important opportunity to Brazilian growers (Pasa et al. 2012 ). This scenario results from several limiting factors, like the lack of definition of cultivars and rootstocks adapted to the potential regions and of suitable tree management practices, besides the lack of research to overcome these problems According to Fioravanço (2007) , the lack adaptation of the main high quality pear varities to the conditions of Southern Brazil, mainly regarding the requirement of chilling hours (h ≤ a 7,2 °C), requires the use of chemical substances to induce better budbreak and flowering. These authors also say the climatic requirements, partially fulfilled in the main potential regions, is one of the main limiting factors for growing pears, because it difficults the use of high quality cultivars, besides favoring the production of low quality fruits.
The low fruit set is one of the main problems associated with pear growing in Southern Brazil, resulting in low yields. In the climatic conditions of this region, the lack of coincidence of blossom among the cultivars is common, resulting in low fruit set and yield. In such conditions, the fruit set of pears may be improved by the use of plant growth regulators (Hawerroth et al. 2011) . These substances may increase bud fertility (Albuquerque et al. 2008) , being a potential tool to increase yield (Dussi et al. 2011 ). According to Dussi et al. (2011) , combinations like cytokinins and gibberellins (Promalin, GA 4/7 + BA) may improve pear flowering and fruit size. Plant growth regulators could be sprayed either alone or in combination.
Pear fruit set may also be improved by cultural practices like branch girdling, either alone or in combination with other practices. Santos et al. (2014) and Pereira et al. (2011) observed that girdling increased the amount of starch and total soluble solids of 'Tahiti' limes. Giacobbo et al. (2012) found that the use of girdling associated with boron increases the fruit set of 'Navelina' oranges. This practice has the potential to increase fruit set (Pereira et al. 2011 ) and yield of pear trees, besides reducing shoot growth (Iuchi et al. 2008) . Silva et al. (2010) , observed that shoot girdling of 1-year-old shoots during the winter increased fruit set of 'Garber' pears. On the other hand, the effect of girdling seems to be dependent on the type of shoot, since girdling of spurs reduced fruit set. Other practices, such as the application of boron may increase pear fruit set.
The main effects of foliar application of boron in pears were increased concentration in the buds, anther weight, and pollen weight, resulting in positive effects on pollen quantity and quality (Lee et al. 2009 ). According to Acuña and Molina (2007) , even though boron essentiality has been demonstrated so far, its biochemical function is not yet well understood. Recent reviews suggest this element is involved in three major processes, including the preservation of cell wall structure, maintenance of membrane cofactor functions and metabolic activities. Boron fertilization has shown to increase yield and fruit color in apples (Wojcik et al. 2008) . However, the effect of boron fertilization was not observed in 'Imperial Gala' and 'Fuji Suprema' apple, suggesting that other factor might be involved (Sá et al. 2014) .
The objective of this study was to evaluate the influence of boron foliar application, branch girdling and plant growth regulators on yield and fruit quality of 'Garber' pear trees.
MATERIALS AND METHODS
The study was conducted at the experimental field of Federal University of Pelotas located in the municipality of Capão do Leão, in the State of Rio Grande do Sul, Brazil (31º52'00"S, 52º21'24"W, at 48 m of altitude), during the growing seasons of 2004/05 and 2005/06. According to the classification of Köppen, the climate of the region is classified as C, subtype Cfa (Subtropical climate), with cold and humid winter and mild and dry summer. The monthly average temperatures (minimum and maximum) and rainfall, are shown in Table I . Orchard fertilization was performed according to recommendations to pear crop and was not irrigated.
Plant material consisted of 15 years old of the European cultivar Garber, grafted on the clonal rootstock of Pyrus calleryana. Trees were trained in a central leader system, spaced 8 m between and 40 days from the last application, the number of opened flowers and the number of fruits (15-20 mm) were counted, respectively. The accumulation of chilling hours between the months of May and September was 441 h and 304 h, in 2004 and 2005, respectively.
The experiment was arranged in a randomized block design, with three single-tree replications. The data were analyzed for statistical significance using the F test. Duncan's test (P ≤ 0.05) was performed to compare treatments when F test showed significant differences among means, using the statistical software WinStat (Machado and Conceição 2005) . Fruit set data were transformed to arcsin (x/100) 1/2 in order to meet the assumptions for analysis of variance.
RESULTS AND DISCUSSION
In the first season Promalin were evaluated. The total number of flower buds was counted at budburst, in four evenly selected branches. Branch girdling was performed at the end of previous season before leaf fall. Boron was sprayed at budburst (stage 3) and white bud (stage 5), while Promalin® was sprayed at green cluster (stage 4), and white bud (stage 5). After 10 (Figure 1a) , indicating the effectiveness of these two substances to increase pear fruit set. Regardless the treatment, there was a clear decrease on fruit set from the first to the second growing season, possibly due to the greater amount of precipitation during flowering (September 2005), which may have impaired pollination and (Table I) . Fauate et al. (2007) , emphasize Promalin® (6-BA + GA 4 + 7) as an important substance to cell division and elongation. In the present study, the highest fruit set was 5.97%, observed with Promalin ® , similarly as found by Silva et al. (2010) , in a study with the same cultivar and rate of this plant growth regulator. Similar value was observed in 'Garber' pears by Bianchi et al. (2000) (2010) in 1-year-old flowering shoots and bourse shoots. However, this similarity was not found in 1-year-old vegetative shoots. In this case, Biozyme*TF stood out with a fruit set of 25.33%. These authors also observed differences between both plant growth regulators among shoots at the four cardinal directions. The results observed in our study and by Silva et al. (2010) are important and might be used to identify some of the factors related to fruit set in pears.
On the other hand, it has been suggested that boron is related to pollen quality, increasing its germination and weight, besides stimulating the formation of pollen tube with increasing rates of boron (25 to 200 mg L -1 ) (Lee et al. 2009 ). These authors emphasize that high rates of boron (400 and 500 mg L -1 ) may inhibit pollen tube formation, and this effect might have occurred with the higher rates of boron used in our study. Pollen germination may also be influenced by boron, being increased with acid boric rates up to 100 mg L -1 , but reducing in higher rates (Lee et al. 2009 ). The optimum concentration of boric acid for pollen germination also depends on other factors, such as genotype, as observed Reis et al. (2011) , in a study with banana trees. The average stem length was greater with Promalin ® (Figure 1b) . Similar results were observed by Dabul and Ayub (2005) , which found that its use resulted in greater stem length of apples. These results suggest that the mode of action of gibberellins and cytokinins is possibly related to cell division and elongation, as described by Fioravanço et al. (2010) . The application of Promalin ® promoted cell elongation in'Imperial
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Gala'apples (Leite et al. 2006 ). According to Westfall et al. (2013) , cytokinins are responsible for cell division while gibberellins are related to cell elongation and growth. The greater stem length is an important factor considering pest and disease control, because a greater number of fruits per inflorescence is supported, reducing the direct contact among them, which may difficult spraying deposition and result in fruit deformation. Considering the parameter fruit length, the application of gibberellins usually promote cellular elongation, and consequently it may affect fruit elongation as well. In our study, significant differences were found only in the 2005/06 growing season, where fruits treated with Promalin ® were more elongated, but differing only of boron 440 mL 100 L -1 (Figure 1c ). This plant growth regulator also increased fruit length of persimmon fruits cv. Fuyu compromise fruit quality and significantly increase fruit size. Its stimulus to fruit growth is probably because this plant growth regulator is related to cell division and elongation, as described by Fioravanço et al. (2010) . The greater fruit elongation may also be related to an inner characteristic of 'Garber', that is prone to set fruits by parthenocarpy when pollination is deficient. These fruits are often misshapen. Flesh firmness and fruit diameter did not differ among treatments (data not shown). However, in the 2005/06 season, significant differences were observed for soluble solids (SS), where the treatment boron 660 mL 100 L -1 stood out, but differing only of Promalin ® (Figure 1d ). This similarity among treatments may indicate a uniform ripening and that the increase in boron rates may maintain fruit quality. Asgharzade et al. (2012) observed an increase of 9.18% in °Brix of apples compared to control, in response to boric acid. In most species, soluble solids are not affected by the use of Promalin ® , as observed in 'Jubileu' peach (Giovanaz et al. 2014 ), 'Fuyu' persimmon (Fauate et al. 2007 ) and 'Gala' apple (Dabul and Ayub 2005) . It is believed that the effects of Promalin ® are mainly related to fruit growth (Fauate et al. 2007 ). According to Westfall et al. (2013) , fruit growth is closer related to the hormone gibberellin and senescence delaying with cytokinin. In the present study, mainly in the 2005/06 season, the use of Promalin ® probably raised the levels of these hormones, thus delaying ripening and increasing SS. Application timing may also influence SS accumulation (Fioravanço et al. 2010) . According these authors, application at full bloom induces higher SS accumulation, rather than application after petal fall. Regarding the parameter yield, the treatment with Promalin ® was superior to boron 880 and 220 mL 100 L -1 , in the 2004/05 growing season.
However, in 2005/06, the opposite was observed, where Promalin ® was among the treatments with lower yields, while the treatment with boron 880 mL 100 L -1 showed the greatest yield, not differing only of Biozyme*TF (Figure 1e ). These results suggest that yield is influenced by the specific conditions of each growing season. According to Dussi (2011) , the efficiency of plant growth regulators in pear is influenced by several factors, like cultivar, tree vigor, yield, climatic conditions (before, during and after application), application method (water volume, surfactant, etc.). The application timing is one of the most important factors to the efficiency in increasing production per tree (Giovanaz et al. 2014) . The connection of gibberellins with flower development is possible directly related with yield (Westfall et al. 2013) . Maia et al. (2010) , fruit set is connected with the amount of reserves, and may be reduced in trees showing alternate bearing. The higher amount of fruits in an "on" year might result in less nutrients available for the development of fruiting structures, thus impairing the production the next season ("off year"). This alternate bearing seems to have occurred in our study, since the treatments that showed the greatest yield in the first season, reduced in the second. The higher yield in the 2005/06 season with boron 880 mL 100 L -1 , suggests that the adequate availability of boron is important and improves the accumulation of reserves in the tree. Overall, in the first growing season (2004/05) fruit set and yield were greater with Promalin ® , possibly because the inner levels of B in the trees were still low. However, considering that the treatments were sprayed to the same trees in 2005/06, the treatment with Promalin ® showed intermediate results, and the highest rate of B showed the greatest fruit set and yield. Possibly, these results are due the cumulative effect of B, since it was applied consecutively the two growing seasons.
CONCLUSIONS
Promalin ® improves fruit set and stem length, but reduces total soluble solids of 'Garber' pear trees. Yield may be positively influenced by the use of Promalin ® and boron.
